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FOREWORD 
In this thesis, an attempt is made to provide people 
interested in the subject of "Energy Diversion" with a reas-
onably complete record of the growth and prevention of this 
widespread practice. References to practically all articles 
published in English will be of help to those who wish to 
pursue the subject further. To my knowledge, this thesis 
is the first of its kind, as information on this subject is 
very hard to obtain, and what little published information 
exists is very scattered, in mo3t cases dealing with special 
phases of the problem. Much of the information to be pre-
sented was secured by ma in talks with public utility men who 
work in this field but who would not be quoted. Consequently, 
in putting this information in this thesis , no authority can 
be given other than mine. 
In the fall of 1932, when casually looking at a copy of 
the "Electrical World," I found an article on the subject 
of "electrical energy diversion," a term used by the public 
utilities for the crude sounding phrase, "theft of electri-
cal power." 
This problem was new to me. I had never before real-
ized to what serious proportions the evil had grown. Its 
solution is vital to the very existence of public utilities, 
because, unless remedied, the revenues upon which every-
thing depends are greatly reduced. 
Some time later, a different approach to the problem oc-
curred to me. It consisted of some suitable relay scheme to 
automatically interrupt service to customers who attempted to 
divert electrical energy from their maters so that they 
,would be compelled to call the power company to get the 
service restored. Thus the utility would be protected 
against theft, and the customer would have service as long as 
he used it legitimately. The problem was discussed with Mr. 
H. L. Newman, and it was decided to attempt to develop to-
gether a suitable relay scheme that would accomplish the de-
sired results. Mr. C. L. Lambert, a mutual friend, agreed to 
finance the work in return for a share of any income that 
might be derived from it. 
The ensuing investigation and experimental work was made 
principally in the electrical laboratories and work shops of 
Georgia Tech. Professor Fitzgerald, Head of the Electrical 
Engineering Department, and Professor Duling, Head of the 
Electrical Laboratory, made the investigation possible by ex-
tending the greatest cooperation in the use of the laboratory 
and its equipment. We greatly appreciated the courtesy. 
I wish to express my sincere thanks to Mr. Henderson, 
Head of the Atlanta Division Operating Department of tho 
Georgia Power Company, for his interest, help, and suggestions, 
which were of the greatest assistance in actually trying out 
the device on suspected customers in his division. 
Mr. Patrick, Head of the Meter Department of the Atlanta 
Division, and Mr. Wiggins, Chief Investigator of Energy Di-
version in the Atlanta Division, both of the Georgia Power 
Company, have my thanks for their cooperation in installing 
the theft relays and maintaining records of their operation. 
H. T. Yopp 
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THE GROWTH AND PREVENTION OP ELECTRICAL 
ENERGY DIVERSION 
E l e c t r i c a l energy d i v e r s i o n i s defined as t he use of 
e l e c t r i c power by or through unauthor ized and f raudu len t 
methods. The methods used can be c l a s s i f i e d i n t o two d i v i -
s i o n s : (1) those where unauthor ized e l e c t r i c power never 
flows through the wa t t -hou r meter and (2) those where var ious 
methods a r e used t o prevent the proper r ecord ing of the c o r -
r e c t amount of power used . 
The s u b j e c t of energy d i v e r s i o n i s a d i f f i c u l t one 
about which t o w r i t e . Because of i t s very n a t u r e , l i t t l e 
in format ion i s known and s t i l l l e s s i s pub l i shed in books 
or magazines . There fo re , the w r i t e r was forced to go to 
c o n s i d e r a b l e t r o u b l e i n s ecu r ing some of the m a t e r i a l p r e -
sented h e r e , as i t was neces sa ry to make appointments wi th 
the s u i t a b l e o f f i c i a l s of s e v e r a l u t i l i t i e s loca ted from 
Maryland to F l o r i d a t o ge t f i r s t hand i n f o r m a t i o n . Also , a 
g r e a t many eng ineer ing salesmen whom the w r i t e r knows, 
t r a v e l i n g f o r companies t h a t s e l l equipment to reduce energy 
d i v e r s i o n , were very h e l p f u l . Because of t h e i r wide t r a v e l -
i n g , they have a good knowledge of the es t imated e x t e n t of 
the p r a c t i c e of energy d i v e r s i o n and of the problems i n -
volved in combating i t . 
The e l e c t r i c u t i l i t i e s as a whole paid l i t t l e a t t e n t i o n 
t o energy d i v e r s i o n u n t i l about 1918, when C. M. Ward of the 
Duquesne Light Company of P i t t s b u r g h publ ished an a r t i c l e , 
" P r o t e c t i o n Agains t Thieving Customers," i n the November 30, 
1918, " E l e c t r i c a l World." In a t h r e e month t e s t of 3884 
meters, i t was concluded that, about 5% of t h e i r customers 
were g u i l t y of energy d ivers ion . This finding was a sur-
pr i se to many u t i l i t y executives who believed the pract ice 
to be n e g l i g i b l e . 
However, in s p i t e of th i s report and others s imilar to 
i t , the problem was ignored for years . This v/as due prin-
c i p a l l y to the enormous expansion of the e l e c t r i c u t i l i t i e s . 
All of t h e i r e f for t and time went towards extending pov/er 
l i ne s , building pov/er p lan t s , and improving se rv i ce . 
Revenues were increas ing in proportion; so the money los t 
because of energy diversion was many times made up by the 
addi t ion of new customers. 
# Preventing Theft of E lec t r i c Service - - Ralph Pittman, 
E l e c t r i c a l World, August .18, 1923. 
INCREASE OP ENERGY DIVERSION 
Energy d i v e r s i o n as a s e r i o u s problem f i r s t "began t o be 
cons idered i n 1931 . By then , revenues were f a l l i n g and new 
customers were very few; so means of i n c r e a s i n g the income 
of the u t i l i t i e s were sought . I t v/as found t h a t t h e p r a c -
t i c e of energy d i v e r s i o n had increased g r e a t l y and was very 
widespread i n some l o c a l i t i e s such as F l o r i d a , M i s s i s s i p p i , 
Lou i s iana , Georg ia , and other s t a t e s s c a t t e r e d a l l over the 
coun t ry , and i n most a l l the l a rge c i t i e s . 
This i n c r e a s e of energy d i v e r s i o n has s e v e r a l c a u s e s , 
p r i n c i p a l among them be ing : 
1. The enormous growth of the e l e c t r i c d i s t r i b u t i o n 
systems« 
2. The growth of knowledge of elementary electricity, 
partly due to the great increase of electrical 
repair shops and garages* 
5. More and more students were enrolled in high 
schools that taught elementary electricity 
in physics courses, thus spreading further 
electrical knowledge. 
4. The incentive to steal power increased as the 
use of electricity per person increased., 
• * 
Electric bills in some businesses are an 
appreciable item of the total expenses of 
the business. 
5. The big, recent increase was due to the economic 
depression. Many people who would not consider 
such an action ordinarily, resorted to energy 
diversion. 
6. Because of the depression, great numbers of 
trained utility employees, together with expert 
house-wiring and electrical repair men, were 
thrown out of work. Many of them make a business 
of selling their knowledge to reduce light bills 
by various unauthorized means. 
In 1931, a number of utilities made surveys of their 
territory only to be amazed at their findings. Mr. S. A. 
Fletcher, writing in the Electrical World of November 21, 
1931, about these surveys, said, "Although many utility 
managers have long believed they v/ere free from loss of 
revenue by energy diversion, one utility recently found 
evidence of 1500 cases of theft in a town with a total of 
9000 customers. This means that one out of every six custo-
mers gets some part of his electrical energy without paying 
for it. Another utility has recently begun an active cam-
paign for detection of current theft and has found as many 
as 56 suspects in one day." These are, of course, extreme 
cases, but they give an idea as to the extent of energy di-
version in some localities. 
By 1931, energy diversion was recognized as being prac-
ticed all over the United States. It was, and still is, even 
worse in Mexico, Cuba, Gantral and South America, where util-
ities have had, and are having, a fight for their very exis-
** Also see article by M. M. Koch, "System Losses - Their 
Analysis and Reduction" — Electrical World, November 28, 1931. 
tence on account of t h i s e v i l . In .the United S t a t e s , energy-
diversion is more widespread in the la rger c i t i e s where 
great numbers of old houses and duplex apartments with old 
wiring e x i s t . Usually the wires are open and are eas i ly ac-
c e s s i b l e , coming ins ide the house for a ways before reaching 
the e l e c t r i c meter. In duplex apartments, the problem i s e s -
pec ia l ly bad, as i t i s impossible to cut off the service when 
one honest customer l ives with several dishonest ones. In 
proportion to customers, the southern s t a t e s are the worst of-
fenders, the percentage decreasing some for the northern s ta tes , 
although the amount of power s tolen in the northern s t a t e s i s 
g rea te r . However, in Canada, energy divers ion gives very 
l i t t l e t roub le . 
Some idea of the increase of energy divers ion in the 
United Sta tes may be obtained from the curves shown in the ac-
companying diagram. Three curves are shown: ( l ) the t o t a l 
output of e l e c t r i c a l energy; (2) the peircentage of unac-
counted for l o s s e s ; and (3) an increment curve showing the 
ra te of change of the percentage lo s ses , a l l p lo t ted for the 
years from 1927 through 1932. 
The power output curve shows a steady increase from 1926 
u n t i l 1929, when an a l l - t i m e peak was es tab l i shed , a f t e r 
which a decl ine se t i n , which should be e spec ia l ly noted in 
r e l a t i on to the other curves. 
Curve No. 2 shows the percentage of unaccounted for 
l o s s e s . These losses include transmission and d i s t r i b u t i o n 
losses which may be ca l led l eg i t ima te , and losses due to 
power t h e f t , which may be classed as i l l e g i t i m a t e . I t w i l l be 
I 
noted that the pov/er output since ,1929 has decreased, and it' 
would be expected that legitimate losses, which are depend-
ent on load conditions would also decrease. The facts, how-
ever, show just the opposite. Curve No. 2 shows a steady 
increase from 1927 to 1930, which is in keeping with the in-
creasing load during that period. Although the output has 
decreased since 1930, curve No. 2 shows a sharp increase in 
unaccounted for losses. The writer believes that a large 
part of this increase is due to power theft, since it seems 
reasonable to believe that legitimate losses would decline 
with declining output. 
To bring out more clearly this increase in unaccounted 
for losses, curve No. 3 shows that the rate of increase of 
these losses since 1930 has risen sharply. This brings out 
more forcibly the fact that unaccounted for losses, or rather 
their rate of increase, is rapidly rising, notwithstanding 
the decline in output, whereas we would expect these losses 




To give some idea of the loss in revenue suffered by 
the power companies because of energy diversion, the author 
has made an effort to estimate the lo3s for each of the 
major power companies in the United States. In order that 
the figures may not be thought of as being too high, com-
parison between the method used in this paper and the re-
sults obtained through using estimates of other sources 
shows that the figures given here are between half and two-
thirds of those obtained from other sources. 
An editorial in the "Electrical World" of August 6, 
1932, entitled, "Energy Diversion and the Necessity for 
Change in Meter Practice," says, "Some estimates that have 
been made as to its extent (the practice of energy diver-
sion) have run as high as b% (of the generated energy) but 
if this figure reflects too pessimistic an opinion of pub-
lic honesty, and assuming that the true figure is only 1%, 
it would still represent an appreciable source of revenue 
leaks and would still be worth going after." 
In talks with power company engineers and engineering 
salesmen, the author has found that they believe the prac-
tice of energy diversion is far more widespread than the 
very conservative figures set forth in the above editorial. 
The writer has been told of instances where the amount of 
power stolen runs as high as fifty per cent, although this 
is admittedly an extreme case. In the opinion of these men, 
this practice is increasing rapidly each year. 
9 
The Westinghouse E lec t r i c and Manufacturing Company, 
In a publ ica t ion describing thei r new socket detachable 
meter, described elsewhere in this paper, says, " I t i s doubt-
ful i f any u t i l i t y can show a loss of, energy from th i s same 
source as low as 1% (of t o t a l generated power). Some u t i l -
i t i e s where t h i s loss was thought to be n e g l i g i b l e , have 
discovered i t to be as high as 10$ (of generated power). In 
some cases 18/£ of domestic customers were p rac t i c ing th i s 
"ar t" in various ways." 
An excel lent a r t i c l e giving some idea of the revenue 
losses from energy diversion is to be found i n the 
UE lee t r i e Journal" of October, 1934. The a r t i c l e i s by 
W. W. Palmer and i s t i t l e d , "Rumors Pay Dividends." 
To re turn t o the method used to approximate the revenue 
losses of the major pr ivate u t i l i t i e s of th is country* 
column 18 of Table I I of the chart on the second page from 
t h i s , shows the "not accounted for losses" of the individ-
ua l companies l i s t e d in tha t t a b l e . These include a l l l e g i -
timate losses such as those due to transmission and d i s t r i -
bution, and i l l e g i t i m a t e losses due to power t h e f t . No a t -
tempt is made in the table to separate these lo s ses , but a 
very reasonable estimate (the wr i t e r bel ieves) can be made 
of the percentage of thqse losses due to power t h e f t . Seven 
per cent of the unaccounted for losses i s taken as being due 
to power t h e f t . This leaves n ine ty- three per cent of the 
unaccounted for losses due to legi t imate sources . As an 
example, the estimated loss for the Florida Power and Light 
Company w i l l be ca l cu la t ed . This company is No. 93 on the 
•previously mentioned c h a r t . Column 18 shows for t h i s 
company an unaccounted for loss of 46,733,057 KWH, th i s 
being a loss of 23.6$ as shown in the f i r s t column. 1% of 
t h i s i s approximately 3,270,000 KWH. At 3^ per KWH, th i s 
represents an annual loss of about $100,000. 
I t w i l l be noted t ha t t h i s estimate of power theft i s 
a percentage of admittedly unaccounted for l o s s e s . Since 
power thef t mu3t be included in these losses , i t i s reason-
able to assume tha t i t must cons t i tu t e some percentage of 
them, and i t i s believed tha t an average figure of seven per 
cent of these losses is a reasonable es t imate , perhaps too 
reasonable. 
The w r i t e r i s aware tha t h i s method of ca lcu la t ing the 
extent of power thef t i s not a t a l l r igorous . I t s sole pur-
pose is to give the reader an approximate idea of the extent 
of the prac t ice of energy diversion in terms of do l la r s and 
c e n t s . I t i s recognized, of course, that some companies 
transmit t h e i r power fur ther t o t h e i r load centers than 
others and tha t some d i s t r i b u t i o n systems are old and some 
are new; that some d i s t r i b u t i o n d e n s i t i e s , tha t i s , the num-
ber of customers per mile of d i s t r i bu t i on l i n e , are low and 
some high; and that because of these and other f a c t o r s , some 
power companies have a g r aa t e r legi t imate loss than o thers , 
but , i f some idea of the sums of money involved in th i s prac 
t i c e of energy divers ion i s given the reader , the purpose of 
the est imation of these losses i s f u l f i l l e d . 
METHODS USED .IN POWER THEFT 
The principal methods used to steal power are: 
1. Backing out of the line fuse located ahead 
of the meter. This gives'unmete red 
service on half of the house. 
2. Placing shunt wires on the meter so that 
most of the current goes through shunt 
wires. 
3. Tapping a load to the line wires ahead of 
the meter. 
4. Reversal of r o t a t i on of the meter d i s c . 
5. Boring holes in the meter cover and in -
se r t i ng objects such as ha i rp ins 
through the hole to make the meter 
disc run slower or stop a l toge the r . 
6. Reversing the ground and power l ines to 
the meter. 
7. Altering temporarily the position of the 
meter, such as letting it hang down or 
at an angle in order to slow or stop 
the disc. 
8. Causing gases to penetrate the meter cover 
which make gummy deposits on the meter 
disc and bearings that slow or stop 
the disc. 
FIGS. 1 TO 5—VARIOUS METHODS OF PUTTING METER WHOLLY OR PARTIALLY OUT OF S 
•EFFORTS TO COMBAT ENERGY DIVERSION 
One of the first efforts to lessen the losses due to 
energy diversion was the installation of safety steel fuse 
cabinets which were sealed. The main line fuse and switch 
were the most accessible parts of the wiring system and 
theft occurred at this point more frequently than elsewhere. 
These steel switch and fuse cabinets were well worth their 
cost, but as most of the wiring was open, people found that . 
the insulation could be removed and jumper connections made 
around the meter, or the lines to the house distribution 
system could be tapped without much trouble. This practice 
was, and still is, very hard to detect if cleverly done, be-
cause of the greater number of almost inaccessible places a 
jumper can be attached to the wires ahead of the meter, es-
pecially when the service wire3 enter the house through the 
attic. Power companies in Mexico and Cuba attacked this part 
of the problem by installing concentric cable from the pole 
to the meter. The cable was connected so that the neutral 
or grounded wire was outside. The use of concentric cable 
has rapidly increased in the United States, especially in 
small towns and rural districts where the electrical wiring 
codes in use in the particular places permitted its use. 
In places where it could not be used, steps were taken to 
secure the revision of the local electrical code. In larger 
cities, conduit was specified for all new wiring from the 
Electrical World, July 15, 1932. 
service entrance to the meter, which gave about as much pro-
tection as concentric cable. 
There were still two very weak links in the wiring and 
recording system, namely, the steel fuse boxes and the un-
protected meters. People continued to break open sealed 
fuse boxes and steal power. When asked about the broken seal, 
a blown fuse v/as offered as the reason for breaking it to in-
sert a good fuse. Even though the power companies knew that 
theft was occurring, nothing could be done about it, as a 
broken seal, under, these conditions, was no evidence of theft 
that would hold in court. A few offenders could be caught 
in the act of stealing, but the great majority were smart 
enough to remove jumpers or screw in fuses before a meter 
reader or investigator was admitted to the meter. 
Court action in the cases where offenders were caught 
almost always resulted in acquittal for the accused. Few 
juries would convict anybody of stealing from the power com-
panies because of the great loss of good will suffered by 
the industry due to the depression, and to the general ill 
feeling against the utilities prevalent in most parts of 
the country. Also, if the power company failed to secure a 
conviction, it was faced with a big libel suit by the person 
accused of theft. These libel suits were very easy to win 
because of the same factors mentioned above. One Florida 
utility started an intensive campaign against power theft 
by making court cases against a number of people against 
whom a good deal of evidence had been secured. The idea 
was to make an example of these offenders to discourage 
other customers from continuing the p r ac t i c e . Day a f t e r day 
the attendance at these t r i a l s grew u n t i l standing room was 
hard to find in the courtroom. Such extraordinary i n t e r e s t 
puzzled the power company and the cour t . The j u ry fa i led to 
convict a s ingle offender despi te eye witnesses to fraud in 
severa l cases . A few weeks l a t e r a regular epidemic of 
energy diversion broke a i t , almost doubling the t roub le pre-
viously experienced. The company discovered to i t s s orrow 
that the specta tors at the t r i a l s had carefu l ly memorized 
the methods of s t ea l i ng explained to the jury as evidence by 
the power company lawyers and, convinced of thei r immunity 
to prosecution, had proceeded t o make ful l use of t h e i r new 
know ledge. Besides t h i s , most of the accused people brought 
l i b e l s u i t s against the power company that cost considerable 
money to s e t t l e out of cour t . 
Power thieves found that t iny holes could be d r i l l ed in 
the g lass bowls on the KWH meters and the ro ta t ing disc 
stopped or retarded by i n s e r t i n g a wire or ha i rp in through 
the h o l e . Also, meters were unfastened at the top and a l -
lowed to f a l l forward so that the ro ta t ing disc scraped 
and stopped. By refas tening the meter in i t s regular posi-
t ion , the disc would s t a r t t o r o t a t e again. 
Methods such as these forced the adoption of indoor 
meter boxes ^ with concentric cable or conduit . The National 
E l e c t r i c Code was f i n a l l y changed to permit the placing of 
* E l e c t r i c a l World, September 15, 1934, "Solves Many Meter-
ing Problems," Albert J . > l l e n . 
18 
the main l ine switch and fuses on the load side of the meter. 
This made i t poss ib le to use conduit or concentric cable with-
out a break to the meter. 
Some u t i l i t i e s began experimenting with outdoor meter 
i n s t a l l a t i o n s with the meter placed i n a weather-proof, 
metal box with the service encased in conduit from the meter 
box to the point where the wires f i r s t contact the bu i ld ing , 
This type of i n s t a l l a t i o n proved to be very s a t i s f a c t o r y ; as 
a l l the wiring, including the meter, i s in fu l l view of the 
meter reader . Also, i f the customer tampered with his wir-
ing or meter, he had to do so outdoors, in f u l l view of any-
one looking at the time, although he might do so at n igh t . 
But even then, the meter reader would not ice the wiring when 
he read the meter. 
Outdoor meter i n s t a l l a t i o n s are now standard for new 
i n s t a l l a t i o n s in many par ts of the South and West? and 
t h e i r use i s s t ead i ly increasing everywhere. 
The l a t e s t improvement in t h i s method of metering le jec-
t r i c i t y is the S type, socket meter, f i r s t developed by the 
Westinghouse E l e c t r i c and Manufacturing Company, which is 
i l l u s t r a t e d on the next page. 
I t is an assembly of par ts whereby any standard meter, 
from 1915 to da te , may be concerted in to a more theft-proof 
device. In br ief , the meter mechanism i s mounted and wired 
to a panel which i s plugged in to a cast i ron bowl or recep-
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t a c l e , much as a radio tube is. plugged into i t s socket. 
Then a glass bowl i s put over the meter and locked wi Eh a 
spec ia l locking ring and s e a l . The iron receptacle i s 
threaded at top and bottom for conduit , and f i t s i n t o the 
conduit a t any desired point . 
The problem of dealing with energy diversion i s some-
what pecul iar in t ha t many ind i rec t methods have to be used 
to combat the p r a c t i c e . 
U t i l i t i e s , at the present , value the good w i l l of t he i r 
customers very h igh ly and w i l l go to about any length to 
keep i t . At l e a s t the more progressive companies have this 
a t t i t u d e , and r i g h t l y so . I t follows, then, that when a 
customer i s suspected of s t ea l ing power, extreme care must 
be used in inves t iga t ing the case . An inspector must get to 
the meter at l e a s t once, usual ly more, to inspect i t and 
the e l e c t r i c wiring a l l the way back to the point where the 
wires f i r s t touch the house. He must accomplish h i s pur-
pose without making the customer suspicious or angry, i f 
poss ib le , and above a l l , must not accuse the customer of 
thef t even when a jumper i s found in use, or de f in i t e e v i -
dence found of o ther means to defraud the power company. A 
bungling inves t iga to r can ea s i l y lose the good w i l l of ha l f 
a dozen innocent customers in catching one gu i l t y one, and 
t h i s i s worse than i f the gui l ty one had remained uncaught. 
Power company inves t iga tors have considerable d i f f i -
cu l ty in catching pov/er s t ea l ing customers i n the act of 
t h e f t . However, the finding of posi t ive evidence that 
power has been i l l e g a l l y diverted from the meter is not too 
hard, since i t i s very d i f f i c u l t to .tap onto wires or sv/itches 
without leaving cut or broken insu la t ion , scratches on switch 
blades or con tac t s , s t r eaks in dust col lected on wa l l s , e t c . 
But i t has been found, as previously mentioned, that the best 
of evidence, even eye wi tnesses , w i l l not always convict in 
c o u r t . This means a p o t e n t i a l l i b e l su i t every time a court 
case i s made. This i s very unsa t i s fac tory from the u t i l i t y 
s tandpoint . But perhaps the grea tes t objection to l ega l 
ac t ion in cases of power thef t i s t ha t the u t i l i t y has no 
assurance that thef t of power w i l l not be resorted to again. 
Some u t i l i t i e s t r i e d , and some are s t i l l us ing, a policy 
in dealing with customers suspected of power the f t , and those 
of whose g u i l t no doubt e x i s t s , t ha t i s perhaps best des-
cribed by following the act ion of such a case . 
One of t h e i r customers, say a Mr. Brown, i s found to 
have a power b i l l of approximately half tha t of a year ago, 
The b i l l for each of the twelve months shows a gradual de-
crease from the preceding month. Discreet inquiry by a 
spec ia l inves t iga to r shows that the same number of people 
are using the premises where the meter i s located , tha t an 
e l e c t r i c r e f r i g e r a t o r and severa l appliances have been pur-
chased by the customer during the year . An inspect ion of 
the cus tomers meter and wiring,, shows that both of the hot 
service l ines ( a 3 wire , 220 vol t service) have been 
str ipped of insu la t ion for about an inch in a remote part of 
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the a t t i c . Dust marks indicate the presence of a wire or 
pa i r of v/ires at some time in the p a s t . With the above evi-
dence, l i t t l e doubt can e x i s t but that Mr. Brown is g u i l t y 
of energy d ivers ion . Yet, i t would not be desiro.ble to go 
to court about the mat ter , both from a pub l i c i t y viewpoint 
and from the almost c e r t a i n t y that the above evidence would 
not secure a convic t ion. 
Mr. Brown i s sent a reg is te red l e t t e r , a de l ivery r e -
ce ip t being required, s t a t i n g that h i s wiring i s in a haz-
ardous condit ion and for him to t e l l his con t rac tor to get 
in touch with the power company to find out what must be 
done to cor rec t the s i t u a t i o n . If Mr. Bitown follows the 
ins t ruc t ions in the l e t t e r , everything i s wel l , as the 
u t i l i t y spec i f ies the most modern type of thef t proof i n -
s t a l l a t i o n t o be put i n a t Mr. Brown's 'expense. If, 
though, Mr. Brown himself appears at the power company's 
offices demanding to know the reason for such a l e t t e r , he 
i s shown every courtesy while the evidence i s t o ld t o him, 
leaving the impression tha t only a l i t t l e par t of what is 
r e a l l y known about him i s being discussed and int imat ing 
tha t the company is ready to go to court with the ca se . 
The company representa t ive is very careful never t o say 
tha t Mr. Brown is s t e a l i ng pow#r. I t i s claimed that a 
t a lk on the above l i n e s produces r e su l t s most of the t ime. 
Mr. Brown may be a "tough" customer and say that the 
power company under i t s char te r must provide service fo r 
a l l , that the service cannot be l ega l ly cut off as long as 
he paid h i s b i l l unless i t could be proven in court that he 
Outdoor Meters Installed 
According to Southern Standards 
Meter installation regulations of Southern Public 
Utilities Company require that, as far as practicable, out-
door meter boxes are to be installed on all new wiring of 
single-phase services. It also applies to some rearranged 
wiring or addition to existing circuits where the capacity 
does not exceed 60 amp. if switch and fuses are used; 
when circuit breakers are used the limiting capacity is 
70 amp. 
The outdoor box is located about 5-J ft. from the 
ground. A 60-amp. entrance switch is placed inside close 
to the entrance and the grounding is made to available 
water pipe at this point. The surface branch circuit 
cabinet may be installed elsewhere if more feasible. 
Three No. 6 wires are prescribed as a minimum as far 
as the switch and three No. 8 wires thence to the branch 
cabinet. 
Service leads 
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was a thief , tha t the burden of proof was on the company, 
and that he would sue for l i b e l i f he was acqui t t ed . In a 
case l ike t h i s , the u t i l i t y has no recourse but to i n s t a l l 
the best protect ive outdoor meter at i t s own, expense. Such 
a course of act ion as outlined above might be termed a 
"bluff" policy and i s employed very successfully by a grea t 
many p owe r c ompanie s * 
Most of the u t i l i t i e s , at the present , employ a number 
of spec ia l ly t rained inves t iga to rs to make inspect ions and 
report on suspicious cases and to rim to earth any clues and 
t i p s , for which rewards are offered, tha t are telephoned or 
told to power company employees. 
At least one company considers that the time of i t s i n -
ves t iga to r s is too valuable to make several t r i p s attempting 
to catch a thieving customer; so if suff ic ient evidence cannot 
be secured in one or -two t r i p s to the customer's premises, the 
power company proceeds to i n s t a l l an outdoor meter at i t s own-
expense • 
I t is genera l ly conceded that a modern socket type out-
door meter mounted c l ea r of a l l shrubbery with a l l of the 
service wires enclosed in conduit from the po in t where the 
wires f i r s t touch the house, and with a l l the conduit v i s i b l e 
for i n s t a n t inspect ion by the meter reader, comprises the most 
thef t proof metering system known a t present . This 
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type of metering system i s comparatively new and operating 
experience i s lacking. Yet, i t seems to the wr i te r that one 
very strong defect remains, which may, in time to come, com-
p l e t e l y reverse the trend towards outdoor meters. 
The complete a c c e s s i b i l i t y of the meter at a l l t imes, 
c i t ed as a deterrent to power thef t because the customer 
must tamper with the meter outdoors in fu l l view of anyone 
watching at the time, may become a boomerang and cause the 
removal of meters indoors again. If the meter is access ible 
to everyone at a l l times of the day or n igh t , the customer 
cannot be held responsible for the condition of the meter at 
any tiff®. That i s , i f the meter reader finds the sea l s 
broken on the meter and the meter disc stopped, what could be 
done about i t i f the customer denied a l l knowledge of the 
deed? Suppose he la id the blame on some personal enemies or 
some of the neighborhood ch i ldren , and said that he was not 
responsible for anything outside h i s home that was open to 
a l l people? The customer, in a l l p robabi l i ty g u i l t y , could, 
and can, tamper with the seals of outdoor meters i f he does 
i t a t night to avoid being seen, and can probably get away 
with i t e a s i l y , a t leas t so i t appears to the w r i t e r . 
Happily, t h i s t rouble has not been encountered so far as 
the author knows. Yet i t w i l l pome up sooner or l a t e r , and 
i t is well to consider as many aspects of the outdoor meter-
ing system as poss ib le so t h a t contingencies l i ke this may be 
avoided. The author believes that t h i s same outdoor metering 
system ins t a l l ed indoors would give more pro tec t ion than i f 
i n s t a l l ed outdoors. The above argument cannot be used by a 
customer when the meter s e a l s are found broken. I t i s 
t r u e t h a t the dangers of the l i n e s ahead of the meter being 
tapped a re i n c r e a s e d , but i f s u i t a b l y enclosed in condu i t or 
i f c o n c e n t r i c cab le i s used, t h i s danger i s decreased to some 
e x t e n t . 
There w i l l always be some t h i e v i n g customers who know 
q u i t e a l o t about e l e c t r i c i t y and who a l so are very i ngen -
i o u s . No meter ing equipment so f a r devised w i l l keep them 
from making and execu t ing p l a n s , such as t o r eve r se the d i -
r e c t i o n of the meter d i s c r o t a t i o n , bore through the condui t 
and t a p the l i n e s ahead of the meter , i n s t a l l long, concealed 
shunt wires around the mete r (boring through b r i c k w a l l i f 
n e c e s s a r y ) , t a p p i n g t he l i n e s by bor ing through the w a l l s 
back of the meter , e t c . 
The w r i t e r , i n c o l l a b o r a t i o n wi th Mr. H. L. Newman, has 
devised an e l e c t r i c r e l a y system which i t i s be l i eved p r o -
v ides the b e s t answer to problems of t h i s k i n d . This system 
i s designed to be used when o rd ina ry means f a i l to p r o t e c t 
t he revenue of the power company. The d e t a i l e d p r e s e n t a t i o n 
of t h i s r e l a y system forms the second p o r t i o n of t h i s t h e s i s . 




The foregoing remarks cover in a general way the his-
tory, growth,and prevention, of energy diversion up to the 
present time. The new types of outdoor installations are 
all that are required in many cases, but there will be cus-
tomers that are not stopped by conduit or concentric cable. 
Mir. H. L. Newman and I have developed a new method of com-
bating energy diversion designed to cope with those custo-
mers who are not stopped by any of the ways and means already 
described. 
We collaborated in developing the variations shown in 
figures 1, 2 and 3. Figure 4 is my variation alone. Figure 
5 is an invention of mine, and I believe that the tamper 
proof meter cover described in this paper is a considerable 
improvement over those used at present. 
The purpose of this device is to prevent energy diver-
sion by automatically interrupting service at the pole when-
ever fraud is attempted, service being restored only by an 
authorized person. It offers the greatest protection of any 
method now being used. 
The device consists essentially of two units, one being 
placed on the pole or some other inaccessible point, and the 
other in the meter box. For the usual two wire 110 volt 
installation, one extra wire is required between the pole 
unit and the meter box. The device consum.es practically no 
energy, cava.es practically no voltage drop, and can be in-
s t a l l e d to conform with modern code requirements. The 
device i s unaffected by abnormal load conditions on the 
load side of the meter, such as short c i r c u i t s or grounds. 
Authori t ies who have been consulted say that this device 
is p r a c t i c a l from both engineering and economic stand-
p o i n t s . A preliminary analysis shows that the co3t of i t in-
s t a l l ed compares favorably with a concentric cable , outdoor 
meter i n s t a l l a t i o n being l i t t l e , if any, higher . 
This device offers the following outstanding advan-
tages : 
1. The powerful psychological effect produced by 
in t e r rup t ion of service and the necess i ty of 
informing the power company to res tore i t , 
s t rongly discourages fur ther attempts to 
d iver t energy. 
2 . By preventing energy from being s to len , the 
necess i ty for catching and prosecuting of-
fenders is e l iminated. 
In view of these advantages and the reasonable cost 
of the device, i t should have a great appeal to power 
companies . 
PART I I 
31 
The ope ra t i on of the system i l l u s t r a t e d in F i g . 1 i s 
-St-
as fo l l ows : 
As p r e v i o u s l y s t a t e d , t he system opera tes on a l t e r n a t -
ing c u r r e n t , and the p resen t d e s c r i p t i o n w i l l be based on the 
assumption t h a t t h e c u r r e n t is flowing in one d i r e c t i o n , In 
o t h e r words, the o p e r a t i o n dur ing the flow of one c u r r e n t 
Impulse w i l l be d e s c r i b e d . The cu r r en t flows from l i n e wire 
12 through wire 17 t o the swi tch arm 18 which i s normal ly 
he ld in c losed p o s i t i o n a g a i n s t the t ens ion of t h e s p r i n g 25 
by the t h e r m o s t a t i c e lement 3 2 . Accordingly c u r r e n t w i l l 
flow through c o n t a c t 2 3 , wire 24 and fuse 4 3 , and thence 
through the branch wires 44 and 45 and t h e i r r e s p e c t i v e p r i -
mary c o i l s 46 and 47 . The ampere t u rn s of these c o i l s are 
equa l and oppos i t e whereby they n e u t r a l i z e each o t h e r , and 
a c c o r d i n g l y no n e t f l u x w i l l be genera ted in the core of the 
d i f f e r e n t i a l t r ans fo rmer and the magnet 41 w i l l be d e - e n e r -
g i z e d . Under such c o n d i t i o n s , the armature swi tch 40 w i l l 
remain open and no c u r r e n t w i l l flow through t h e h e a t i n g 
c o i l 3 3 . 
The c u r r e n t obvious ly d i v i d e s through the c o i l s 46 and 
47 and then flows through wires 56 and 57, c o i l s 59 and 60 
and wires 61 and 62 . These wi res are connected t o t h e com-
mon wire 63, and c u r r e n t flows through t h i s w i r e , through 
From p a t e n t #1 ,987 ,153 - page 3 , c o l . 2 to page 5, c o l . 1, 
l i n e 22, then from l i n e 58 to page 5, c o l . 2 , l i n e 10, 
res i s tance 65, wire, 66, meter 67 and wire 68. The flow of 
current described takes place i f a load is connected across 
the wires 68 and 72, across wires 68 and 73, or across both 
se t s of wi res . 
After passing through the load, the current re turns 
through wires 72 and/or 73, wire 14 and neu t r a l wire 11 . 
The ampere turns of the c o i l s 59 and 60 are equal and oppo-
s i t e , whereby the c o i l s neu t r a l i ze each other, and thus no 
net flux wi l l be s e t up in the core of the d i f f e r e n t i a l 
choke c o i l s . The drop in po ten t i a l across the ou t le t wires 
due to the use of the small res is tance 65 i s n e g l i g i b l e . 
As previously s t a t ed , the present system is unaffected 
by the r e l a t i onsh ip of the loads connected across the wire 
68 and wire 72 and across the wires 68 and 73, but a wholly 
d i f fe ren t r e s u l t follows if an unscrupulous person attempts 
to u t i l i z e current which is not metered, e i t h e r by shunting 
around the meter or by tapping the wires ahead of the meter. 
As previously s t a t ed , the box 58 i s located within the 
bui lding or a t any point where the meter o rd inar i ly would bo 
placed, while the box 13 is arranged at an inaccess ib le 
point , preferably on the l i g h t po le . For connecting the 
elements within the two boxes, i t i s des i rab le in p rac t ice 
tha t two-conductor concentric cable be employed to render 
i t more d i f f i c u l t to tap the wires , although the operation 
of the system is no t dependent on the use of any pa r t i cu l a r 
form of lead wires . 
I f an unscrupulous person attempts to shunt around the 
meter, there w i l l be no way in which he can determine which 
wires to connect, and i f e i t h e r of the wires 56 or 57 is 
connected to e i t h e r of the wires 72 or 73, a short c i r c u i t 
obviously wi l l r e s u l t , thus immediately^ burning out the 
fuses . The same r e s u l t w i l l follow i f an attempt i s made to 
connect the wires 14 and 68. I f a load i s connected across 
e i t h e r the wires 14 and 57 or 14 and 56, no fuses w i l l be 
blown, but the switch w i l l be caused to open, : 
Assuming tha t a load i s connected across the wires 14 
and 57, i t w i l l become apparent tha t the coi l s 46 and 47 
w i l l be immediately unbalanced, thus generating a flow of 
flux through the core of the d i f f e r e n t i a l transformer. Under 
the condit ions referred t o , current a t a given i n s t an t w i l l 
flow through the primary transformer c o i l 47, through wire 
57, through the load and thence through the neu t ra l wire 14. 
At the same time, cur ren t w i l l flow through transformer c o i l 
46, wire 56, through the c o i l s 59 and 60 in s e r i e s , through 
wire 57; through the load and thence through wire 14. As 
previously s t a t ed , the ampere turns of coi ls 59 and 60 are 
equal and opposi te , and t h i s is t rue during legi t imate use 
of current at the ou t l e t side of the meter, but under the 
conditions being considered, the ef fec ts of the c o i l s 59 
and 60 would be added to each other , whereby both act as 
choke c o i l s . Tnis double choking effect would occur in the 
c i r c u i t of the primary c o i l 46, whereas s u b s t a n t i a l l y no r e -
s i s tance would ex i s t in the c i r c u i t of c o i l 47, and thus the 
co i l s 46 and 47 would be unbalanced. 
This condit ion would cause the flow of a net flux in 
the core of the transformer to generate a current i n the 
c i r c u i t of the secondary c o i l 48. The relay c o i l 41 w i l l 
then become energized to a t t r a c t i t s armature 40, thus mov-
ing the l a t t e r in to engagement with the contact 39 to close 
the c i r c u i t through the heating c o i l 33 . This c i r c u i t i s 
closed through wire 17, switch 18, wires 24 and 42, through 
the switch 40, wire 38, c o i l 33, and wires 16 and 14. 
The c los ing of th is c i r c u i t obviously heats the c o i l 
33, and the thermostat ic element 32 i s caused to bend up-
wardly to re lease the upper end of the finger 37, he reupon 
the spring 25 moves the switch 18 to open pos i t i on . The en-
t i r e c i r c u i t to the bui lding thus wi l l be opened, and s ince 
the consumer of the current has no access t o the box 13, he 
cannot res tore the c i r c u i t , but i s forced to not i fy the 
power company i n order tha t an operator may be sent out to 
open the box 13 and c lose the switch 18. In ac tua l prac-
t i c e , i t has been found that the switch 18 w i l l open i f an 
unbalanced load of the charac ter referred to remains in 
operation for approximately three seconds. 
Assuming that the primary c o i l s 46 and 47 are separate 
c o i l s , t h e i r windings obviously w i l l neu t r a l i ze each other . 
If such system i s employed, i t w i l l be apparent tha t equal 
loads may be simultaneously connected across the wires 14 
and 56 and wires 14 and 57 without unbalancing the c o i l s 
46 and 47, in which case the system would not ope ra te . Such 
loads, however, would have to be simultaneously connected 
s ince , as previously s t a t ed , the switch 18 opens in approx-
imately three seconds a f t e r the balance between the c o i l s 
46 and 47 i s d i s turbed . Moreover, the use of almost ex-
ac t ly equal loads across the wires 14 and 56 and 14 and 
57 would be required t o prevent the opening of the switch 
18, and such fraudulent use of current would be highly im-
p r a c t i c a b l e . 
The transformer shown in Figure 3 of patent #1,987,153 
i s such that the system wi l l operate per fec t ly i f equal 
loads are connected across the points ind ica ted . A s ingle 
primary c o i l 52 i s employed, and the wire 24 i s tapped i n t o 
the c o i l 52 intermediate the ends of the l a t t e r and at a 
point spaced from i t s cen t e r . Under such condi t ions , the 
two primary c o i l s thus provided w i l l be equal in ampere-
turns i f loads are connected in the c i r c u i t beyond the 
meter. These primary c o i l s , however, w i l l be promptly un-
balanced by having t h e i r ampere-turn r e l a t ionsh ip destroyed 
i f a load is connected, for exainple, across the wires 14 and 
57, thus generating a flux flow t o Induce current i n the 
secondary c o i l 48 . In view of the fact that the wire 24 is 
not tapped in to the c o i l 52 c e n t r a l l y thereof, current can-
not be f raudulent ly used by connecting equal loads across 
the wires 14 and 56 and 14 and 57, and such fraudulent use 
of current could be obtained only by employing respect ive 
loads bearing the same re l a t ionsh ip as the turns of the two 
primary c o i l s in to which the c^ i l 52 i s divided. The r e -
l a t ionsh ip between the primary c o l l s of the transformer 
shov/n in Figure 3 of patent #1,987,153 i s not subject to any 
p a r t i c u l a r l i m i t a t i o n s , and may be of such charac ter as to 
make i t subs t an t i a l l y impossible to employ loads ahead of 
the meter in the same r a t i o as the primary transformer c o i l s , 
For example, the turns of the primary coils may be in the 
ratio of 2 to 1, 2% to 1, 2-7/8 to 1, etc., and if desired, 
different apparatus may be made with primary transformer 
coils of different ratios. 
Referring again to Figure 1, if an attempt is made to 
use current fraudulently by shunting around the meter by a 
wire connected between the wire 68 and either 56 or 57, a 
disturbance in the normal flow of current will occur to un-
balance the coils 46 and 47 and thus cause the relay coil 
41 to be energized to break the circuit through the switch 
18. For example, if a shunt is connected between the wire 
'60 
56 and the wire 68, the coil^ becomes the primary coil of a 
current transformer upon the connection of a load across 
the wire 68 and, fop example, the wire 72. Under such con-
ditions, current will flow through coil 60, wires 62 and 
63, resistance 65, through the wire 66, meter 67, wire 68 
and through the load, and thence through wire 72, and wire 
14. The coil 60 thus generates a current through the coil 
59 and its associated wires and through the shunt con-
nected around the box 58, and if the resistance of such 
secondary circuit were substantially zero, the secondary 
current would be substantially equal to the primary current 
in the circuit of the coil 60* Under such conditions, there 
would be no net flux in the core 64, and the coils 59 and 60 
would remain balanced. In other words, such result would 
follow if the shunt were connected between the wires 56 
and 63, but the latter wire is not available for the reason 
that it is enclosed within the box 58, and a shunt around 
the meter "box accordingly necessar i ly includes the r e s i s t -
ance 65 i f the shunt i s connected in the manner previously 
described, namely, between the wires 56 and 68. The r e s i s t -
ance 65 i s r e l a t i v e l y low, and i t s effect on the current flow 
ing through the c o l l 60 is n eg l i g ib l e . However, the i n t r o -
duction of the res i s tance in to the c i r c u i t of the c o i l 59 
and the shunt connected around the meter box reduces the 
secondary current generated in such c i r c u i t by the primary 
c o i l 60. 
Of course, the current flowing over wire 56 divides 
through the shunt wire and the co i l 59, but t h i s does not 
affect the reduction of the ne t current i n the c i r c u i t of 
the c o l l 59 and the shunt connection, since the g rea te r the 
normally divided cur rent t h a t flows through the c o i l 59, the 
less w i l l be the current through the c o i l 59 generated by 
the primary c o i l 60. The unbalancing of the c o i l s 59 and 
60 thus r e su l t s in the generat ion of flux in the core 64 
whereby the c o i l 60 i s caused to act as a choke to reduce 
the current in the l ine including the d i f f e r e n t i a l t r a n s -
former c o i l 47 and the c o i l 60. The reduction in the r e -
s i s tance of the c i r c u i t including the co i l 46 and wire 56 
through the use of the shunt connection thus r e s u l t s in the 
subs t an t i a l unbalancing of the c o i l s 46 and 47 whereupon 
f lux i s generated in the d i f f e r e n t i a l transformer core to 
cause the generat ion of current in the c i r c u i t of the second-
ary c o i l 48 and i t s re lay 41 . Under such condit ions the 
c i r c u i t through the switch 18 wi l l be broken in the manner 
previously described. 
The foregoing r e s u l t covers the shunting across the 
wires 56 and 68, and obviously the same re su l t would follow 
the connection of a shunt wire between the wires 57 and 68. 
The only difference would be that the c o i l 59 would become 
a transformer primary c o i l to generate current in the c i r -
c u i t including the c o i l 60 and the shunt connection, where-
upon the c o i l 59 would act as a choke and the co i l s 46 and 
47 would become unbalanced. Obviously a shunt between the 
wire 14 and e i t h e r of the wires 72 and 73 could have no ef-
fect whatever since a l l of these wires a re , i n e f fec t , the 
same wire cons t i t u t ing one side of the l i n e . As previous-
ly s t a t ed , only shunt connection between the wires 56 and 
57 and wires 72 and 73 would r e s u l t in a short c i r c u i t and 
burn the fuse 43. 
From the foregoing, i t w i l l be apparent that the 
present system is highly advantageous for the reason that 
any fraudulent use of current w i l l r e su l t in the complete 
breaking of the c i r c u i t in a manner which wi l l be unknown 
to the vast majori ty of consumers, and the automatic sv/itch 
which breaks the c i r c u i t i s not access ible and requires the 
services of an employee of the power company i n order tha t 
service may be restored in the bui ld ing. Thus the system 
acts as a pos i t ive means for preventing fraudulent use of 
current and requires that the power company be given knowl-
edge of the attempt to fraudulently use current before 
service can be r e s to red . Thus the power company is ef-
f i c i e n t l y protected against the losses and i s not required 
to even locate the means through which the current con-
39 
sumer has attempted to defraud the meter. Any person at-
tempting to use the current fraudulently will be aware that 
he has in fact notified the power company of his actions 
through the necessity of having to secure the services of an 
employee of the company to restore the normal circuits, and 
it is hardly probable that he will make a second attempt of 
the same kind. Any further attempt to secure the same re-
sults by some different means of shunting the meter or tap-
's »• 
ping the wires ahead of the meter will have the same result. 
-a-
End of description quoted from pat. #1,987,153. 
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The form shown, in Figure 1 works very satisfactorily, 
but is capable of being much simplified. Figure 2 shows the 
relay system simplified almost as much as possible. The 
general method of operation remains the same but the details 
vary enough to require an explanation of it also. 
The circuit diagram for a 110 volt installation is 
shown on the accompanying diagram, Figure 2. All figures 
and numbers used in the following discussion correspond 
with those in the diagram. 
Current flows from line 3 (one of the power mains) 
through line 4, through fuse 5, up to the junction of bal-
anced differential coils 10 and 1 1 — these coils are really 
one continuous coil tapped at some point — the current con-
tinues through lines 15 and 18 into another pair of similar 
coils 21 and 22, through resistance 24 and meter 26, through 
the load (not shown), and returns through line 27 and 29 
and 16, which is neutral, 
Because the two sets of coils are similar and tapped 
at corresponding points, and due to their differential con-
struction, the currents in lines 15 and 18 divide inversely 
as the number of turns in coils 10 and 11 or 21 and 22, 
and there is no flux in either core 12 or 20. The system 
as described is very stable^ and without tampering will 
not become unbalanced. 
Now consider what happens under the following condi-
tions: Say that a load is connected between either of the 
lines 15 or 18 and line 16 (tapping off ahead of the meter). 
For this illustration we shall use line 18. 
The current tends to_ divide in coi ls 10 and 1 1 , as under 
normal condi t ions , but the current in l ine 15 i s now choked 
by the c o i l s 21 and 22 which act in se r ies under th i s con-
d i t ion since the current must flow through these co i l s in 
order to reach the s to len load. Therefore, p r a c t i c a l l y a l l 
the s to len load cur ren t takes the eas ier path through the 
c o i l 10 and l ine 18, thus s e t t i n g up a flux in core 12 which 
actuates the armature 8. This movement of the armature 8 
makes contact a t 9, short c i r c u i t i n g the l i n e and blowing 
fuse 5, thus opening the c i r c u i t . 
Now consider the case when the meter i s shunted by a 
connection from 18 to 28. When th i s i s done, c o i l 22 i s 
short c i r cu i t ed and c o i l 21 is not . This connection r e -
s u l t s in c o i l 22 being the shor t c i r cu i t ed secondary of a 
current transformer of which c o i l 21 is the primary. There-
fore , the ampere turn3 of the c o i l 22 would be equal and 
opposite t o those of 21 (neglecting the very small magne-
t iz ing ampere turns of c o i l 21) , which is exactly the same 
as though c o i l 22 were not short c i r c u i t e d . However, due 
to the small r e s i s t ance 24, we do not have a pure short 
c i r c u i t of c o i l 22p Due to th is r e s i s t ance , the generated 
short c i r c u i t current i s reduced, thereby destroying the 
magnetic balance which existed in core 20. Since a flux 
appears in the core 20, i t causes c o i l 21 to act as a choke, 
and thus reduces the current in l ine 15, which changes the 
current r a t i o in l i n e s 15 and 18. This causes the re lay 
system to operate as previously described. 
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Figure 3 is still another variation of Figure 1, 
which in actual practice has proven to be more satisfac 
tory than Figure 2, The form of the device shown in 
Figure 2 is subject to burned contacts at 39 and 40 or 
8 and 9, depending upon which diagram is referred to* 
Figure 3 solves this problem, as the switch 18 opens 
so swiftly that no arc forms. Figure 3 is very similar 
to Figure 1, so that a separate explanation of its 
operation is unnecessary. 
'" •.j.-Mjtr**' 
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Figure 4 i s a-very decided improvement on the previous 
forms of the device, because by using th i s va r i a t ion , the 
s ize of the d i f f e r e n t i a l c o i l s may be reduced two-thirds and 
at the same time the system is proof against some methods of 
e l e c t r i c a l l y s tea l ing energy to which the previous var ia -
t ions would not respond, 
The c i r c u i t for a 110 vo l t i n s t a l l a t i o n i s shown, on the 
accompanying diagram. All figures and numbers used in the 
following discussion correspond with those in the diagram. 
Current flows from l ine 17 (one of the power mains) 
through contact 1, switch S, contact 2, up to 3 , the junc-
t ion of balanced d i f f e r e n t i a l co i l s c o l l e c t i v e l y ca l led M, 
continues through l ines 14 and 15 in to another pai r of 
s imi lar c o i l s c o l l e c t i v e l y ca l led ft, through the meter W, to 
the load (not shown) and re turns through l i ne 16, which is 
the n e u t r a l , 
Because the two se ts of co i l s are s imi la r and due to 
t h e i r d i f f e r e n t i a l const ruct ion , the currents in l i ne s 14 
and 15 divide inverse ly as the number of turns i n each c o i l 
of M or of N and there i s no magnetic flux in e i the r the core 
of M or of N. The system as described, is very stable and 
wi l l not become unbalanced without tampering. 
Before considering the> operation of the device under 
abnormal cond i t ions , i t i s necessary to understand the 
operation of the re lay in the lower portion of the space en-
closed by the dotted l i n e T. The relay cons i s t s of a heater 
c o i l H and a b i -me ta l l i c s t r i p U which moves J f i r s t in the 
d i rec t ion of A, and then towards B. When C is cool , J i s 
in the d i rec t ion of A and the contacts 7 and 8 are connected. 
Current flows from l ine 15 to contact 8, then to 7, to 10, on 
to heater H and then to 12 and 13 where i t jo ins the neut ra l 
l i ne 16. This current energizes one of the c o i l s of M and 
so causes the relay R to make contact with 9. Otherwise, the 
current would also flow through R to 11 , to hea t e r K, then to 
12 and so on to l i n e 16. When K i s energized, the b imeta l l ic 
s t r i p D moves, r e leas ing the switch S which i s biased to open 
pos i t ion by a sp r ing . (Details of a mechanical nature are not 
shown on this diagram, which i s purely to show the e l e c t r i c a l 
c i r c u i t ) . However, the re lay R prevents any such act ion by 
r i s ing and making contact a t 9, as previously s t a t e d . 
Thus, i f J i s toward A which connects 7 and 8, nothing 
happens to cause the switch S to open. The heater H i s act* 
uated as previously explained and i s so designed that J r e -
mains in contact with 7 and 8 about 15 or 18 seconds u n t i l 0 
becomes heated su f f i c i en t l y to move J towards B, thus cu t t ing 
off the current from the heater H. J moves towards B and 
makes contact with 5 and 6. This connects contact 9 to the 
points 6 and 5 and so to contact 2 on the dead side of the 
sv/itch S. But just as soon as J moves toward B, the armature 
R drops down and then contacts 10 because the current heating 
H has been i n t e r r u p t e d . Therefore, the heater K i s s t i l l un-
energized arid switch S remains closed. Bi-metal l ic s t r i p C 
i s so designed, along with the heater H, that i t w i l l move J 
towards B every 20 or 30 minutes, for G wi l l move J back 
towards A when i t coo ls , where i t w i l l again repeat the cyc le . 
Now, when the meter W is shunted in any manner 
around the box V, and J i s contact ing 7 and 8, the differen-
t i a l co i l s of M neu t r a l i ze each other and the armature R does 
not move to 9 "but remains a t 10. Then current flows through 
R to 11, to heater K, then to 12 and so on to l ine 16. Be-
cause of the heat from K, the h i -meta l l i c s t r i p D moves, r e -
leasing the switch S, thus in te r rupt ing service when fraud 
i s attempted. 
If, a t a l a t e r time, a load i s connected "between e i t h e r 
of the l i ne s 14 or 15 and l i n e 16 (tapping off ahead of the 
meter) , for this i l l u s t r a t i o n say line 15, one of the co i l s 
of M w i l l he energized. The other c o i l w i l l not be ener-
gized because of the c o i l s of N which act in se r i e s under 
th i s condi t ion. As mentioned before, the current tends to 
divide in the d i f f e r e n t i a l co i l s of M and l ines 14 and 15, 
but the current in l i n e 14 i s now choked by the co i l s of N 
since the current must flow through these coi l s i n drder to 
reach the s tolen load. Therefore, p r a c t i c a l l y a l l of the 
s to len load takes the ea s i e r path through line 15, thus s e t -
t ing up a magnetic, flux in the core upon which M is wound. 
This flux actuates the armature R, causing i t to r i s e and 
contact 9. 
Now, re turning to the^relay, if J i s towards A which 
connects 7 and 8, nothing happens to cause the switch S to 
open. The hea te r H i s actuated as previously explained and 
i s so designed that J remains in contact with 7 and 8 about 
15 or 18 seconds. Heater K is so designed tha t i t wi l l 
cause switch S to open in about 8 seconds when energized. 
Af_ter 1§ or 18 seconds, 0 becomes su f f i c i en t ly heated to 
move J tov/ards B, thus cu t t ing off the current from heater 
H. When J makes contact with 5 and 6, the c i r c u i t i s 
closed from 9 to the hea t e r K so current flows from 12 
through K to 11, then to 9, then to 6 and across t o 5, 
and then to 2 , thus completing the c i r c u i t causing K to 
heat the "bi-metallic s t r i p D and to open the switch S. 
With th i s arrangement, the power c i r c u i t i s tested, two 
or three times every hour, f i r s t for shunts on the meter, 
then for tapping off ahead of the meter. The longest time 
power can be diverted from the meter i s 20 or 30 minutes 
while the average time is only 10 or 15 minutes, 
Some of the more common methods of energy diversion and 
the p ro tec t ion this device offers against them have been 
discussed. As for tampering with the meter i t s e l f , the 
system can be so wired tha t the switch w i l l operate when the 
cover i s removed, i f i t i s so desired. This would give 
pos i t ive sea l p ro t ec t i on . 
Fig. 4 
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The-foregoing discussion of Figure 4 completes the 
treatment of the e l e c t r i c a l relay system to prevent energy 
divers ion. However, to get the best r e s u l t s , i t has to be 
used in conjunction with a meter tha t i s as mechanically 
tamper proof as pos s ib l e . The Westinghouse socket type 
KWH meter comes neares t t o th i s i dea l . But even th is 
meter has one weak point. The cover i s such that a hole 
can be bored through i t with a small d r i l l . The wr i te r 
has devised an improved glass cover for th i s type of 
meter, although i t w i l l operate equally as well on a l l 
types . A discussion of this glass meter-cover follows 
on the next page. 
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TAMPER PROOF,. METER COVER 
In r e c e n t y e a r s , one form of e l e c t r i c a l e n e r g y d i v e r s i o n 
h a s c o n s i s t e d of d r i l l i n g m i n u t e h o l e s i n t h e g l a s s c o v e r s 
of KWH m e t e r s t h r o u g h which o b j e c t s , s u c h as p i n s , h o r s e h a i r s , 
e t c . , r e s t u p o n t h e r o t a t i n g d i s c of t h e m a t e r , thus s lowing 
o r s t o p p i n g i t . I t h a s been found from e x p e r i e n c e t h a t t h e 
d e t e c t i o n of such h o l e s when s k i l l f u l l y d r i l l e d i s v e r y d i f f i -
c u l t , and e v e n t h e n the p r a c t i c e goes on f o r months b e f o r e 
t h e t r o u b l e i s found and c o r r e c t e d . 
W i t h i n t h e l a s t t h r e e y e a r s , c o n s i d e r a b l e a t t e n t i o n has 
been d e v o t e d t o t h e m e c h a n i c a l p r o t e c t i o n of t h e n ^ t e r by 
a l e r t p u b l i c u t i l i t i e s . Me te r b o x e s , b o t h f o r o u t s i d e and 
i n s i d e u s e , have been d e v e l o p e d , i n w h i c h t h e m e t e r i s t o t a l l y 
i n c l o s e d . More r e c e n t l y , the W e s t l n g h o a s e E l e c t r i c & Mfg. 
Company i n t r o d u c e d i t s S type s o c k e t m e t e r . Th i s i s an a s -
sembly of p a r t s whereby any s t a n d a r d m e t e r , from 1915 t o d a t e , 
may be c o n v e r t e d i n t o a much more t h e f t - p r o o f d e v i c e . I n 
b r i e f , t h e m e t e r mechanism i s mounted and w i r e d t o a p a n e l 
which i s p l u g g e d i n t o a c a s t i r o n bowl o r r e c e p t a c l e as a 
r a d i o t u b e i s p l u g g e d i n t o i t s s o c k e t . Then a g l a s s meter 
c o v e r i s p u t o v e r t h e m e t e r and locked w i t h a s p e c i a l l o c k -
i n g r i n g and s e a l . The i r o n r e c e p t a b l o i s t h r e a d e d a t t o p 
and b o t t o m f o r c o n d u i t and f i t s i n t o t h e c o n d u i t c i r c u i t a t 
any d e s i r e d p o i n t . 
The s o c k e t t y p e m e t e r i s r e a l l y a fo rward s t e p i n m e t e r -
i n g . Wi th i t m e c h a n i c a l t a m p e r i n g i s much more d i f f i c u l t , 
a b o u t t h e o n l y way l e f t i s by means o f o b j e c t s , i n s e r t e d i n 
holes bored In the meter glass cover, that re tard or stop 
the ro ta t ing d i sk . 
The cover described in th i s paper, when used with the 
socket type meter or a well designed meter box, makes mechan 
i c a l tampering almost impossible without i n s t an t detect ion 
by the meter reader when he makes his monthly v i s i t . Refer 
to "fee accompanying diagram. The cover is s imilar to a 
wide, f l a t bottomed thermos b o t t l e with no neck and with a 
height about one-third of normal. As in a thermos b o t t l e , 
the cover i s double walled. The space between walls i s 
f i l l ed e n t i r e l y with n i t rogen, carbon dioxide, or is evac-
uated. Before sea l ing , a l iquid i s sprayed in thi3 apace or 
a small amount poured i n . The l iquid is one that oxidizes 
rapidly upon exposure to a i r , turning black,brov/n, or some 
other color , depending upon the exact chemical used. There 
are several cheap chemicals tha t are su i t ab l e , ferrus tan-
nate being one that i s color less u n t i l exposed to a i r , when 
i t soon turns black. 
Referring to the diagram, 1 is the thick edge or rim of 
the cover, 2 i s the outer wal l , 3 the space between walls 
where the l iquid i s , 4 the inner wal l , and 5 the f ront of 
the c ove r . 
When a hole i s bored \n the meter cover, the a i r soon 
changes the l iquid in to a gummy black substance which d i s -
colors the walls upon which i t i s spread and the bottom of 
the sealed-in-space where some of the liquid is condensed. 
This is immediately not iceable by the meter reader , thus 
exposing the t h e f t . An a l t e rna te method i s to l e t the 
l iquid be absorbed by small pieces of b l o t t e r and then to 
place the b l o t t e r i n the sealed space. Then the white 
b l o t t e r w i l l change color when a hole i s made in the meter 
and a i r reaches i t . 
S t i l l a third method i s to f i l l the space between the 
glass walls with compressed a i r . Some simple pressure in-
dica tor is put i n t o the walled 3pace so t h a t i f the glass 
wall is punctured, the pressure inside w i l l drop to the 
atmospheric level and wi l l be shown by the pressure i n d i -
ca to r . 
This cover combined with the new developments p r e -
viously discussed i s , i t seems, the so lu t ion to the prob-
lem o£ the prevention of mechanical tampering with power 
me te rs . 
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TRIC METERS 
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17 Claims. (CI. 171—34) 
This invention relates to fraud preventing sys-
tems for electric meters. 
It is well known that unscrupulous persons fre-
quently resort to various means for preventing 
the metering of electric current consumed in 
homes and industrial buildings. Such fraudu-
lent use of current may be accomplished in a 
number of ways the most common of which con-
sist in shunting around the meter or tapping the 
wires ahead of the meter. These methods of 
fraudulently consuming electric current may be 
very easily practiced, it being merely necessary 
in the former case to connect lead wires around 
the meter to prevent the passage of current there-
through. With such system, none of the current 
consumed will be registered on the meter so long 
as the wires shunt around the meter, and it is the 
common practice for unscrupulous persons using 
such system to shunt around the meter only for a 
portion of the time between meter readings so 
that the fraudulent use of current will not be 
readily apparent. 
The practice of tapping the lead-in wires ahead 
of the meter is quite prevalent since it provides 
means whereby a portion of the lights or other 
consuming devices of a building may be perma-
nently supplied with current fraudulently ob-
tained. The remaining current consuming de-
vices of the building may be permanently supplied 
with current flowing through the meter so that 
the consumption of a regular portion of the cur-
rent will be registered and fraud detection is thus 
rendered difficult. The method just referred to 
is particularly easy to practice in buildings where 
the line wires enter a substantial distance from 
the meter as, for example, in homes where the 
line wires enter through the attic while the meter 
is located in the cellar or basement. I t is im-
possible to estimate the losses sustained by power 
companies through the fraudulent use of current, 
but it is well known tha t such losses are substan* 
tial and that they constitute a matter of serious 
consideration. 
Numerous attempts have been made to prevent 
the fraudulent use of current but, so far as we 
are aware, such prior methods have been open to 
numerous objections which rendered their use 
largely undesirable or impracticable. For exam-
ple, several of the prior methods suggested for 
this purpose have been disadvantageous because 
of the serious drop in potential across the meter 
involved, through the use of the current consum-
ing means necessary for the operation of the sys-
tem. Moreover, most prior systems do not pre-
vent or indicate the use of current obtained by 
tapping the lead-in wire ahead of the meter, and 
most prior devices, if satisfactorily operable at 
all, merely indicate the fraudulent use of current 
without acting as a preventative. Such systems 
are of little practical use in view of the reluctance 
of power companies to make accusations of fraud-
ulent use with no other evidence than the mere 
operation of an indicator which might be subject 
to accidental operation. 
An important object of the present invention is 
to provide a novel system of preventing the fraud-
ulent use of electric current by shunting around 
the meter or tapping the line wires ahead of the 
meter, or by any other of the known ways in 
which electric current may be fraudulently con-
sumed. 
A further object is to provide a system of the 
character referred to which is operative for posi-
tively disconnecting a house or other circuit from 
the line wires promptly upon the completion of 
an attempt to consume current which is not prop-
erly metered. 
A further object is to provide a system of fraud 
prevention which includes an automatic switch 
inaccessible to the consumer and operable for dis-
connecting consuming circuits from the line wires 
when current is fraudulently consumed. 
A further object is to provide a system of the 
character just referred to wherein the automatic 
switch is normally biased to open position and is 
released for movement to such position upon the 
fraudulent use of current, and which requires the 
services of an operator from a power company 
before the circuit can be restored. 
A further object is to provide a fraud prevent-
ing system of the character indicated which is 
wholly practicable in operation without any ap-
preciable drop in potential across the meter. 
A further object is to provide a system of the 
character referred to which is operable with a 
minimum consumption of current, and wherein 
the current consumed does not pass through the 
consumer's meter. 
A further object is to provide a fraud pre-
vention system wherein divided circuits are em-
ployed which remain balanced during the con-
sumption of current all of which passes through 
the meter, and which become promptly unbal-
anced upon a fraudulent attempt to consume 
current which does not pass through the meter, 
and to provide means operative upon the un-
balancing of the circuits for disconnecting the 
consuming circuits from the line wires. 









will become apparent during the course of the 
following description. 
In the drawings we have shown several em-
bodiments of the invention. In this showing, 
5 Figure 1 is a diagrammatic view illustrating 
one form of fraud preventing system, 
Figure 2 is a modified form of system, 
Figure 3 is a detail diagrammatic view of a 
modified form of differential transformer, 
10 Figure 4 is a plan view of an automatic switch 
particularly adapted for use in connection with 
the present invention, and, 
Figure 5 is a side elevation of the same. 
Referring to Figure 1, the numerals 10, 11 and 
15 12 designate the usual line wires, the center wire 
11 being the so-called "neutral" wire. In ordi-
nary house and similar circuits, the difference in 
potential of 1.10 volts exists across the wires 10 
and 11 and across the wires 11 and 12. The 
20 line wires referred to are adapted to supply al-
ternating current, and it will become apparent 
that the system is operative for substantially any 
voltages, or for single or polyphase installations. 
The numeral 13 designates a suitable box which 
25 may be mounted on the pole from which the feed 
wires lead into a building, although it will be-
come apparent that the box may be mounted at 
any point inaccessible to the consumer. A wire 
14 is connected to the neutral wire 11 and leads 
30 through the box 13, being grounded in accord-
ance with standard practice at any suitable point 
as at 15. A wire 16 is tapped into the wire 14 
within the box 13 for a purpose to be described. 
In the present instance, current is supplied from 
3 5 the line wires through the wire 14 and through 
a second wire 17 connected to the wire 12 and 
leading into the box 13. The wire 17 is con-
nected to the arm 18 of an automatic switch 
shown in detail in Figures 4 and 5. The switch 
40 arm 18 is pivotally connected as at 19 to a bracket 
20 projecting outwardly from a block 21 prefer-
ably formed of insulating material and mounted 
upon a base 22, preferably form.ed of similar ma-
terial. The switch arm 18 engages contacts 23 
45 connected to a wire 24 to be referred to later. A 
relatively strong spring 25, preferably of the tor-
sion type, is suitably supported by brackets- 26 
mounted on the base 22. This spring has one 
end 27 engaging the base 22 and has its other 
5 0 end 28 connected as at 29 to one end of a link 
30. The opposite end of this link is connected 
as at 31 to the switch arm 13, preferably at a 
point spaced a substantial distance from the pivot 
19. The spring 25 normally biases the switch 
5 5 arm 18 to the dotted line position shown in Fig-
ure 5. 
A thermostat 32, preferably in the form of a 
bi-metallic strip, is mounted above the block 21 
and is surrounded by a heating coil 33, as shown 
60 j n p ig U r e i This coil is encased as at 34, and 
the casing 34 is secured at one end to the upper 
end of the block in any suitable manner. The 
opposite end of the thermostat 32 projects be-
yond the edge of the block 21 and is provided with 
6 5 an opening 35. The switch 18 is provided at 
its upper end with a handle 36 of wood or other 
insulating material, and a pin 37 projects from 
the end of the handle 36. The pin 37 normally 
is arranged within the opening 35 to prevent the 
' ° switch 18 from opening, and is released upon up-
ward movement of the free end of the thermo-
stat due to the heating thereof in a manner to 
be described. 
As previously stated, one end of the heating coil 
^ 33 is connected to the wire 16, while the other 
end of this coil is connected by a wire 38 to a 
contact 39. This contact is adapted to be en-
gaged by the armature 40 of a relay coil 41 upon 
energization of the latter in a manner to be re-
ferred to, and the armature 40 is connected by I 
a wire 42 to the wire 24. If desired, a fuse 43 
may be connected in the wire 42, and this wire 
divides as at 44 and 45 for connection respec-
tively with the primary coils 46 and 47 of a dif-
ferential transformer. This transformer has a 1ft 
secondary 48 the lead wires 43 of which are con-
nected to the terminals of the relay coil 41. The 
differential transformer is illustrated as being 
provided with two cores 50 and 51, but it will be 
apparent that only one core is used in actual 15 
practice, and that the three coils of the trans-
former are wound on such core. 
A somewhat modified form of transformer is 
illustrated in Figure 3, and this transformer is 
highly advantageous in use. A single primary 20 
coil 52 is wrapped on a core 53 and is provided 
v/ith terminal wires 54 and 55, the wire 24 being 
tapped into this coil intermediate its ends. It 
will be apparent that the current through the 
wire 24 divides for passage through the two end 2fi 
portions of the coil 52 on opposite sides of the 
tap, and the primary is tapped preferably to 
one side of the center thereof for a purpose to 
be described. This form of transformer utilizes 
the same secondary coil 48 previously described. 3<' 
Referring to Figure 1, the numerals 56 and 
57 designate wires from the terminals of the pri-
mary coils 46 and 47 leading from the box 13. 
These wires, together with the wire 14, lead into 
a box 58 located in the building where the meter 3ft 
normally is arranged. The wires 56 and 57 are 
connected respectively to coils 59 and 60, and 
these coils have their other ends connected to 
wires 61 and 62 leading to a common wire 63 to 
which they are connected. The coils 59 and 60 40 
are wound on a core 64. 
The wire 63 leads to one end of a small re-
sistance 65, and the other end of this resistance 
is connected by a wire 66 to a standard metei 
67. A wire 68 leads from the meter, out of the 45 
box 58, into the interior of the building. The 
wire 14 leads into the box 58, as previously stated, 
and divides to form branch wires 72 and 73 lead-
ing from the box 58 into the interior of the build-
ing. It will become apparent that only one wire 50 
need lead from the box 58 in addition to the me-
ter wire 68, but it is preferred that the branch 
wires 72 and 73 be employed in order that the 
number of wires leaving the box 58 may be the 
same as the number of wires entering the box. 53 
This arrangement is confusing to unscrupulous 
persons attempting to fraudulently obtain cur-
rent, but it is not necessary that the load be bal-
anced between the wire 68 and the respective 
wires 72 and 73. In other words, any desired 6f 
loads may be connected across the wire 68 and 
the respective wires 72 and 73 for the legitimate 
use of current without causing operation of the 
present invention to open the main circuit. 
In standard supply circuits a difference in po- 65 
tential of 110 volts exists .across the line wires 10 
and 11 and across the wires 11 and 12 and the 
system illustrated in Figure 1 is operative where 
the consumer's circuit is supplied across either 
the wires 10 and 11 or the wires 11 and 12. In 70 
Figure 2 of the drawings the system is illustrated 
as applied to a 220 volt three wire installation. 
In such system the theory of operation to be re-
ferred to later is identical with that of the system 
illustrated in Figure 1 except that the parts are 75 
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largely duplicated. Referring to Figure 2, a wire 
74 leads into a box 75 similar in construction and 
location to the box 13. The wire 74 leads from 
the box 75, as shown, and is suitably grounded 
5 as at 76. Within the box 75, a wire 77 is con-
nected at one end to the wire 74 and has its 
other end connected to the armature 78 of a 
relay coil 79. The terminals of the relay coil are 
connected by wires 80 to the terminals of a 
10 differential transformer secondary coil 81, simi-
lar to the coil 48 previously described. Upon en-
ergization of the relay, the armature 78 is at-
tracted into engagement with a contact 82 con-
nected to one end of a wire 83, and the other end 
15 of this wire is connected to ^ne terminal of a 
heating coil 84. This coil surrounds a thermostat 
85, preferably of the bi-metallic strip type, and 
the other end of the heating coil is connected to 
a wire 86. 
20 The differential transformer in Figure 2 is pro-
vided with two pairs of primary coils, the first 
pair being designated by the numerals 87 and 
88, and the second pair by the numerals 89 and 
90. The primary coils are all wound preferably 
2 5 on the same core 91. A wire 92 is connected 
to the line wire 10 and leads to a contact 93 nor-
mally engaged by a switch arm 94. The switch 
arm is normally urged away from the contact 
93 by a spring 95, and is held in engagement with 
3 0 the contact in a manner to be described. A wire 
96 is connected at one end to the switch arm 94 
and preferably has a fuse 97 arranged therein. 
Beyond the fuse, the wire 96 is connected to 
branch wires 98 and 99 connected respectively 
3 5 to the coils 87 and 8-8, and these coils have lead 
wires at their other ends leading from the box 75 
as indicated by the numerals 100 and 101. 
A wire 102 is connected to the wire 12 and 
leads to a switch arm 103 similar to the switch 
4 0 arm 94 and normally engaging a contact 105. 
The switch arm 103 is identical with the arm 
18, having an upstanding finger engaging the 
thermostat 85 to normally hold the switch in 
closed position. The switches 94 and 103 are 
45 connected by a link 103', preferably formed of 
insulating material, to cause simultaneous move-
ment of the switch arms. The contact 105 is con-
nected to one end of a wire 106, and the wire 
86 is connected to the wire 106 intermediate the 
5 0 ends thereof. A fuse 107 is preferably connected 
in the wire 106, and beyond the fuse the wire 
106 is connected to branch wires 108 and 109 
leading to the coils 89 and 90. The other ends 
of these coils are connected respectively to the 
5 5 wires 110 and 111 leading from the box 75. 
The wires 74, 100, 101, 110 and 111 lead into a 
box 112 similar to the box 58 previously described. 
The wires 100 and 101 are connected respectively 
to coils 113 and 114 having their ends leading to 
b® branch wires 115 and 116 connected to a common 
wire 117. This wire leads to one end of a resist-
ance 118, from which current passes over wire 
119 to a meter 120. 
In a similar manner, the wires 110 and 111 lead 
to ceils 121 and 122 having their ends connected 
to branch wires 123 and 124 connected to a com-
mon wire 125. This wire, in turn, leads to one 
end of a resistance coil 126 from which a wire 
70 127 leads to the meter 120. "Hot wires" 128 and 
129 lead from the meter and from the box 112, 
as shown. The neutral wire 74 leads into the box 
112 and is connected to branch wires 132 and 133 
'leading from the box 112. The coils 113, 114, 121 
7o and 122 may be wound upon a single core 134. 
The operation of the system illustrated in Fig-
ure 1 is as follows: 
As previously stated, the system operates on 
alternating current, and the present description 
will be based on the assumption that the cur- & 
rent is flowing in one direction. In other words, 
the operation during the flow of one current im-
pulse will be described. The current flows from 
line wire 12 through wire 17 to the switch arm 
18 which is normally held in closed position 10 
against the" tension of the spring 25 by the ther-
mostatic element 32. Accordingly current will 
flow through contact 23, wire 24 and fuse 43, 
and thence through the branch wires 44 and 45 
and their respective primary coils 46 and 47. is 
The ampere turns of these coils are equal and 
opposite whereby they neutralize each other, and 
accordingly no net flux will be generated in the 
core of the differential transformer and the mag-
net 41 will be deenergized. Under such condi- 20 
tions, the armature switch 40 will remain open 
and no current will flow through the heating 
coil 33. 
The current obviously divides through the coils 
46 and 47 and then flows through wires 56 and 25 
57, coils 59 and 60 and wires 61 and 62. These 
wires are connected to the common wire 63, and 
current flows through this wire, through re-
sistance 65, wire 66, meter 67 and wire 68. The 
flow of current described takes place if a load 30 
is connected across the wires 68 and 72, across 
wires 68 and 73, or across both sets of wires. 
After passing through the load, the current re-
turns through wires 72 and/or 73, wire 14 and 
neutral wire 11. The ampere turns of the coils 59 35 
and 60 are equal and opposite whereby the coils 
neutralize each other, and thus no net flux flow 
will be set up in the core of the differential choke 
coils. The drop in potential across the outlet 
wires due to the use of the small resistance 65 40 
is negligible. 
As previously stated, the present system is un-
affected by the relationship of the loads con-
nected across the wire 68 and wire 72 and across 
the wires 68 and 73, but a wholly different result 45 
follows if an unscrupulous person attempts to 
utilize current which is not metered, either by 
shunting around the meter or by tapping the 
wires ahead of the meter. As previously stated, 
the box 58 is located within the building or at any 50 
point where the meter ordinarily would be 
placed, while the box 13 is arranged at an in-
accessible point, preferably on the light pole. 
For connecting the elements within the two 
boxes, it is desirable in practice that a two con- 55 
ductor concentric cable be employed to render it 
more difficult to tap the wires, although the opera-
tion of the system is not dependent on the use of 
any particular form of lead wires. 
If an unscrupulous person attempts to shunt 60 
around the meter, there will be no way in which 
he can determine which wires to connect, and 
if either of the wires 56 or 57 is connected to 
either of the wires 72 or 73, a short circuit ob-
viously will result, thus immediately burning out 65 
the fuses. The same result will follow if an 
attempt is made to connect the wires 14 and 68. 
If a load is connected across either the wires 14 
and 57 or 14 and 56, no fuses will be blown, 
but the switch will be caused to open. 70 
Assuming that a load is connected across the 
wires 14 and 57, it will become. apparent that 
the coils 46 and 47 v/ill be immediately un-
balanced, thus generating a flow of flux through 
the core of the differential transformer. Under 75 
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the conditions referred to, current at a given 
instant will flow through the primary trans-
former coil 47, through wire 57, through the load 
and thence through the neutral wire 14. At 
5 the same time, current will flow through trans-
former coil 46, wire 56, through the coils 59 and 
60 in series, through wire 57, through the load 
and thence through wire 14. As previously 
stated, the ampere turns of coils 59 and 60 are 
10 equal and opposite and this is true during legiti-
mate use of current at the outlet side of the meter, 
but under the conditions being considered, the 
effects of the coils 59 and 60 would be added to 
each other, whereby both act as choke coils. This 
15 double choking effect would occur in the circuit of 
the primary coil 46, whereas substantially no 
resistance would exist in the circuit of coil 47, 
and thus the coils 46 and 47 would be unbalanced. 
This condition would cause the flow of a net flux 
20 in the core of the transformer to generate a cur-
rent in the circuit of the secondary coil 48. 
The relay coil 41 will then become energized to 
attract its armature 40, thus moving the latter 
into engagement with the contact 39 to close the 
25 circuit through the heating coil 33. This circuit 
is closed through wire 17, switch 18, wires 24 and 
42, through the switch 40, wire 38, coil 33, and 
wires 16 and 14. 
The closing of this circuit obviously heats the 
30 coil 33, and the thermostatic element 32 is caused 
to bend upwardly to release the upper end of the 
finger 37, whereupon the spring 25 moves the 
switch 18 to open position. The entire circuit to 
the building thus will be opened, and since the 
35 consumer of the current has no access to the box 
13, he cannot restore the circuit but is forced to 
notify the power company in order that an opera-
tor may be sent out to open the box 13 and close 
the switch 18. In actual practice, it has been 
40 found that the switch 18 will open if an un-
balanced load of the character referred to re-
mains in operation for approximately three 
seconds. 
Assuming that the primary coils 46 and 47 are 
45 separate coils, their windings obviously will neu-
tralize each other. If such system is employed, it 
will be apparent tha t equal loads may be simul-
taneously connected across the wires 14 and 56 
and wires 14 and 57 without unbalancing the 
50 coils 46 and 47, in which case the system would 
not operate. Such loads, however, would have 
to be simultaneously connected since, as previ-
ously stated, the switch 18 opens in approximately 
three seconds after the balance between the coils 
55 46 and 47 is disturbed. Moreover, the use of 
almost exactly equal loads across the wires 14 
and 56 and 14 and 57 would be required to pre-
vent the opening of the switch 18, and such 
fraudulent use of current would be highly im-
60 practicable. 
The transformer shown in Figure 3 is such 
that the system will operate perfectly if equal 
loads are connected across the points indicated. 
A single primary coil 52 is employed, and the wire 
65 24 is tapped into the coil 52 intermediate the 
ends of the latter and at a point spaced from its 
center. Under such conditions, the two primary 
coils thus provided will be equal in amperg turns 
if loads are connected in the circuit beyond the 
70 meter. These primary coils, however, will be 
promptly unbalanced by having their ampere 
turn relationship destroyed if a load is connected, 
for example, across the wires 14 and 57, thus 
generating a flux flow to induce current in the 
75 secondary coil 48. In view of the fact that the 
wire 24 is not tapped into the coil 52 centrally 
thereof, current cannot be fraudulently used by 
connecting equal loads across the wires 14 and 
56 and 14 and 57, and such fraudulent use of cur-
rent could be obtained only by employing re- 5 
spective loads bearing the same relationship as 
the turns of the two primary coils into which the 
coil 52 is divided. The relationship between the 
primary coils of the transformer shown in Fig-
ure 3 is not subject to any particular limitations 10 
and may be of such character as to make it sub-
stantially impossible to employ loads ahead of the 
meter in the same ratio as the primary trans-
former coils. For example, the turns of the 
primary coils may be in the ratio of 2 to 1, 2V2 to 15 
1, 2% to 1, etc., and if desired, different appa-
ratus may be made with primary transformer 
coils of different ratios. 
If an attempt is made to use current fradulent-
ly by shunting around the meter by a wire con- 20 
nected between the wire 68 and either wire 56 
or 57, a disturbance in the normal flow of current 
will occur to unbalance the coils 46 and 47 and 
thus cause the relay coil 41 to be energized to 
break the circuit through the switch 18. For ex- 2o 
ample, if a shunt is connected between, the wire 
56 and the wire 68, the coil 60 becomes the pri-
mary coil of a current transformer upon the con-
nection of a load across the wire 88 and, for ex-
ample, the wire 72. Under such conditions, cur- ^ 
rent will flow through coil 60, wires 62 and 63, 
resistance 65, through the wire 66, meter 67, wire 
68 and through the load, and thence through wire 
72, and wire 14. The coil 60 thus generates a 
current through the coil 59 and its associated ^J 
wires and through the shunt connected around 
the box 58, and if the resistance of such secondary 
circuit were substantially zero, the secondary cur-
rent would be substantially equal to the primary 
current in the circuit of the coil 60. Under such 40 
conditions, there would be no net flux in the core 
64, and the ceils 59 and 60 would remain bal-
anced. In other words, such result would fol-
low if the shunt were connected between the wires 
56 and 63, but the latter wire is not available for 45 
the reason that it is enclosed within the box 58, 
and a shunt around the meter box accordingly 
necessarily includes the resistance 65 if the shunt 
is connected in the manner previously described, 
namely, between the wires 56 and 68. The re- 50 
sistance 65 is relatively low, and its effect on the 
current flowing through the coil 60 is negligible. 
However, the introduction of the resistance into 
the circuit of the coil 59 and the shunt connected 
around the meter box reduces the secondary cur- 55 
rent generated in such circuit by the primary 
coil 60. 
Of course, the current flowing over wire 56 di-
vides through the shunt wire and the coil 59, but 
this does not affect the reduction of the net cur- 6(,i 
rent in the circuit of the coil 59 and the shunt 
connection, since the greater the normally divid-
ed current that flows through the coil 59, the less 
will be the current through the coil 59 generated 
by the primary coil 80. The unbalancing of the e 5 
coils 59 and 60 thus results in the generation of 
flux in the core 64 whereby the coll 60 is caused 
to act as a choke to reduce the current in the line 
including the differential transformer coil 47 and 
the coil 60. The reduction in the resistance of 70 
the circuit including the ceil 46 and wire 50 
through the use of the shunt connection thus 
results in the substantial unbalancing of the coils 
46 and 47 whereupon flux is generated in the 
differential transformer core to cause the gener- f5 
i,6£?,i53 S 
ation of current in the circuit of the secondary 
coil 48 and its relay 41. Under such conditions 
the circuit through the switch 18 will be broken in 
the manner previously described. 
5 The foregoing result covers the shunting across 
the wires 56 and 68, and obviously the same result 
would, follow the connection of a shunt wire1 be-
tween the wires 57 and 68. The only difference 
would be that the coil 59 would become a trans-
10 former primary coil to generate current in the 
circuit including the coil 60 and the shunt con-
nection, whereupon the coil 59 would act as a 
choke and the coils 46 and 47 would become un-
balanced. Obviously a shunt between the wire 14 
15 and either of the wires 72 and 73 could have no 
effect whatever since all of these wires are, in 
effect, the same wire constituting one side of the 
line. As previously stated, any shunt connection 
between wires 56 and 57 and wires 72 and 73 
20 would result in a short circuit and burn the 
fuse 43. 
The operation of the system illustrated in Fig-
ure 2 is similar to the operation of the system 
previously described and need not be referred to 
25 in detail. It will be apparent that a difference in 
potential of 110 volts exists across the wires 128 
and 132 and across the wires 129 and 133, the 
difference in potential across the wires 128 and 
129 being 220 volts in accordance with standard 
30 three wire installations. Any attempt to fraud-
ulently consume current with such system will 
result in the opening of the circuits in the box 
75 as in the previous case. For example, a load 
across the neutral wire 74 and either wire 100 or 
35 101 will unbalance the coils 87 and 88, while the 
coils 89 and 90 will be unbalanced by introducing 
a load across the wire 74 and either wire 110 or 
111. The unbalancing of either pair of primary 
coils generates a flux in the transformer core to 
40 induce current in the circuit of the secondary 
coil 81, thus energizing the relay coil 79 and 
moving the armature 78 into engagement with the 
wire 82. This action closes the circuit through 
the heating coil 84 to move the thermostatic ele-
45 ment 85 upwardly, and release the switch 103, 
this switch being identical with the switch 18 pre-
viously described. The divided circuits through 
the primary coils 87 and 88 receive their current 
through the switch arm 94, while the switch 103 
50 is in the line of the primary coils 89 and 90. The 
two switches referred to are connected together 
for simultaneous operation, and since the ther-
mostatic element 85 will be operated upon the 
unbalancing of either pair of primary coils, both 
55 switches 94 and 103 will be opened by the spring 
95 upon any attempt to consume current fraudu-
lently. 
From the foregoing, it will be apparent that 
the present system is highly advantageous for 
60 the reason that any fraudulent use of current 
will result in the complete breaking of the*cir-
cuit in a manner which will be unknown to the 
vast majority of consumers, and the automatic 
switch which breaks the circuit is not accessible 
65 and requires the services of an employee of the 
power company in order that service may be re-
stored in the building. Thus the system acts as 
a positive means for preventing fraudulent use of 
current and requires that the power company be 
70 given knowledge of the attempt to fraudulently 
use current before service can be restored. Thus 
the power company is efficiently protected against 
losses and is not required to even locate the means 
through which the current consumer has at-
75 tempted to defraud the meter. Any person at-
tempting to use current fraudulently will be 
aware that he has in fact notified the power com-
pany of his actions through the necessity of hav-
ing to secure the services of an employee of the 
company to restore the normal circuits, and it is 5 
hardly probable that he will make a second at-
tempt of the same kind. Any further attempt to 
secure the^same results by some different means 
of shunting the meter or tapping the wires ahead 
of the meter will, have the same result. 10 
WhileHhe movement of the thermostatic ele-
ment 32 may be utilized merely as a signal to the 
power company of the attempt to consume cur-
rent fraudulently, it will be apparent that the 
most efficient results are obtained by utilizing the 15 
thermostatic element as means for releasing an 
automatic switch whenever an attempt is made to 
consume current which does not flow through the 
meter. The parts of the apparatus are relatively 
inexpensive to manufacture and obviously the ap- 20 
paratus will save its cost to a power company 
many times over by preventing unscrupulous per-
sons from consuming current for which they do 
not pay. Since only a small proportion of the 
users of electric current attempt to employ fraud- 25 
ulent means for securing current without cost, 
it is not contemplated that the present apparatus 
be connected in the service lines of all consumers, 
but only in lines where a power company sus-
pects that fraud is being practiced. 30 
While the apparatus has been described par-
ticularly as a system for preventing the fraudu-
lent consumption of electric current, it will be 
noted that it possesses particular value in re-
moving fire hazards. For example, if a ground 35 
occurs in lines 56 or 57 of as much as half an 
ampere, the unbalancing of the coils 46 and 47 
will be sufficient to operate the relay and release 
the switch 18. This result occurs in the same 
manner as when an unscrupulous person taps the 40 
lines ahead of the meter. The portions of a build-
ing beyond the meter ordinarily are protected by 
fuses, but normally the lines between the meter 
box and the pole are not so protected, and many 
fires originate through the grounding of the line 45 
wires ahead of the meter. Accordingly the pres-
ent device serves as a fire prevention means. A 
linesman, called out to reset the switch 18 will find 
that the switch will not remain closed if either 
of the lines 56 or 57 is grounded, and accordingly 50 
he will seek to find the cause of the operation of 
the relay 41, and accordingly will locate the 
ground. 
The electrical values of the various portions of 
the apparatus are not critical, and the design of 55 
the parts depends largely upon the loads at which 
it is desired to have the switch 18 open. For ex-
ample, in one embodiment of the apparatus, the 
coils 59 and 60 have been wound with forty and 
eighty turns respectively in which case a load of 60 
60 watts connected across the line ahead of the 
meter is sufficient to operate the relay 41. If the 
resistance 65 is of the order of 0.2 ohm under 
such conditions, a load of 260 watts or more con-
nected across the wire 68 and either wire 72 or 65 
73, with the meter shunted in the manner previ-
ously described, will result in the operation of the 
relay 41. Obviously the loads at which the switch 
18 will open, may be varied by changing the 
values of the various elements. 70 
It is to be understood that the forms of the 
invention herewith shown and described are to be 
taken as preferred examples of the same and that 
various changes in the shape, size and arrange-
ment of parts may be resorted to without depart- 75 
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ing from the spirit of the invention or the scope 
of the subjoined claims. 
We claim: 
1. A system of the character described com-
5 prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
branches and a secondary coil, a pair of balanced 
10 choke coils arranged in the respective branches, 
a power theft detecting device, an auxiliary cir-
cuit including said secondary coil, and means op-
erable upon the generation of a current in said 
auxiliary circuit incident to the unbalancing of 
15 said primary coils for operating said detecting de-
vice. 
2. A system, of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
20 branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
branches and a secondary coil, a pair of balanced 
choke coils arranged in the respective branches, 
a switch in one of said lines, an auxiliary circuit 
25 including said secondary coil, and means opera-
tive upon energization of said auxiliary circuit 
incident to the unbalancing of said primary coils 
for opening said switch. 
3. A system of the character described com-
30 prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
branches and a secondary coil, a pair of balanced 
35 choke coils arranged in the respective branches, 
a switch in one of said lines having a normal bias 
to open position, means normally holding said 
switch in closed position, an auxiliary circuit in-
cluding said secondary coil, and means operative 
40 upon energization of said auxiliary circuit inci-
dent to the unbalancing of said primary coils for 
releasing said holding means. 
4. A system of the character described com-
prising a pair of electric transmission lines, one 
45 of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
branches and a secondary coil, a pair of balanced 
choke coils arranged in the respective branches, 
50 a switch arranged in one of said lines and having 
a normal bias to open position, a thermostatic 
element normally latching said switch in closed 
position, a heating coil surrounding said thermo-
static element, an auxiliary circuit including said 
• 55 secondary coil, and means operative upon ener-
gization of said auxiliary circuit incident to the 
unbalancing of said primary coils for energizing 
said heating coil to release said thermostatic ele-
ment from said switch. 
CO 5. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
65 branches adjacent one end thereof, a pair of bal-
anced choke coils arranged in the respective 
branches adjacent the other end thereof, a meter 
connected in said last mentioned line beyond the 
last mentioned end of said branches, a resistance 
70 connected in said last mentioned line between 
said meter and the lasf; mentioned end of said 
branches, said transformer further including a 
secondary coil, an auxiliary circuit including said 
secondary coil, a power theft detecting device, 
75 and means operative upon energization of said 
auxiliary circuit upon the unbalancing of said 
primary coils for operating said detecting device. 
6. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of § 
branches, a transformer including a pair of 
balanced primary coils arranged in the respec-
tive branches adjacent one end thereof, a pair of 
balanced choke coils arranged in the respective 
branches adjacent the other end thereof, a meter 10 
connected in said last mentioned line beyond the 
last mentioned end of said branches, a resistance 
connected in said last mentioned line between 
said meter and the last mentioned end of said 
branches, said transformer further including a 15 
secondary coil, an auxiliary circuit including said 
secondary coil, a switch arranged in one of 
said lines, and means operative upon energization 
of said auxiliary circuit incident to the unbalanc-
ing of said primary coils for opening said switch. 20 
7. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of 
balanced primary coils arranged in the respective 26 
branches adjacent one end thereof, a pair of 
balanced choke coils arranged in the respective 
branches adjacent the other end thereof, a meter 
connected in said last mentioned line beyond the 
last mentioned end of said branches, a resistance 30 
connected in said last mentioned line between 
said meter and the last mentioned end of said 
branches, said transformer further including a 
secondary coil, an auxiliary circuit including said 
secondary coil, a switch arranged in one of said 33 
lines and having a normal bias to open position, 
means normally holding said switch in closed 
position, and means operative upon the genera-
tion of current in said auxiliary circuit incident 
to the unbalancing of said primary coil for re- 40 
leasing said holding means. 
8. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal- 45 
anced primary coils arranged in the respective 
branches adjacent one end thereof, a pair of 
balanced choke coils arranged in the respective 
branches adjacent the other end thereof, a meter 
connected in said last mentioned lines beyond &Q> 
the last mentioned end of said branches, a re-
sistance connected in said last mentioned line 
between said meter and the last mentioned end 
of said branches, said transformer further in-
cluding a secondary coil, an auxiliary circuit in- 55 
eluding said secondary coil, a switch arranged 
in one end of said lines, a relay having its coil 
arranged in said auxiliary circuit, an operating 
circuit including the armature of said relay, and 
means operative upon energization of said relay 60 
to close said operating circuit for opening said 
switch. 
9. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 65 
branches, a transformer including a pair of bal-
anced primary coils arranged in the respective 
branches adjacent one end thereof, a pair of 
balanced choke coils arranged in the respective 
branches adjacent the other end thereof, a meter 70 
connected in said last mentioned line beyond the 
last mentioned end of said branches, a resistance 
connected in said last mentioned line between 
said meter and the last mentioned end of said 
branches, said transformer further including a 75 
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secondary coil, an auxiliary circuit including said 
secondary coil, a switch arranged in one of said 
lines and having a normal bias to open position, a 
thermostatic element normally latching said 
R switch in closed position, a relay having its coil 
connected in said auxiliary circuit, a heating coil 
surrounding said thermostatic element and an 
operating circuit including said heating coil and 
the armature of said relay and energizable to 
1 0 cause said thermostatic element to release said 
switch upon energization of said auxiliary circuit 
incident to the unbalancing of said primary coils. 
10. A system of the character described com-
prising a pair of electric transmission lines, one 
i g of said lines being divided to form a pair of elec-
trically balanced branches, means for causing 
the electrical unbalancing of said branches upon 
the connecting of either of said branches to the 
ether line, an interrupter in one of said lines, and 
2f) means operable upon the electrical unbalancing 
of said branches for operating said interrupter. 
11. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of elec-
trically balanced branches, means for causing 
the electrical unbalancing of said branches upon 
the connecting of either of said branches to the 
other line, a switch in one of said lines having 
a normal bias to open position, means normally 
holding said switch in closed position, and means 
operable upon the electrical unbalancing of said 
branches for releasing said holding means. 
12. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of elec-
trically balanced branches, means for causing 
the electrical unbalancing of said branches upon 
the connecting of either of said branches to the 
other line, a switch in one of said lines having 
a normal bias to open position, a thermostatic ele-
ment normally holding said switch in closed posi-
tion, a heating element surrounding said thermo-
static element, and means operable upon the elec-
trical unbalancing of said branches for energiz-
ing said heating element to cause said thermo-
static element to release said switch. 
13. A system of the character described com-
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of elec-
trically balanced branches, means for causing the 
electrical unbalancing of said branches upon the 
connecting of either of said branches to the other 
line, a switch in one of said lines having a nor-
mal bias to open position, means for normally 
r r holding said switch in closed position, a normally 
open control circuit for said holding means, and 
means operable upon the electrical unbalancing 
of said branches for energising said control cir-
cuit to release said holding means. 
rft 14. A system of the character described com-
prising a pair of electric transmission lines, one \ 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils in the respective branches ' 
and a secondary coil, means for unbalancing said 3 
primary coils upon the connecting of either of 
said branches to the other line, an auxiliary cir-
cuit including said secondary coil, a power theft 
detecting device, and means operable upon en-
ergization of said auxiliary circuit upon the un-
balancing of said primary coils for operating said 
detecting device. 
15. A system of the character described com-
prising a pair of electric transmission lines, one 
one of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils in the respective branches 
and a secondary coil, means for unbalancing said 
primary coils upon the connecting of either of 
said branches to the other line, an auxiliary 
circuit including said secondary coil, a switch in 
one of said lines, and means operable upon the 
generation of a current in said auxiliary circuit 
incident to the unbalancing of said primary coils 
for opening said switch. 
16. A system of the character described com- 2 5 
prising a pair of electrical transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils in the respective branches 
and a secondary coil, means for unbalancing said 
primary coils upon the connecting of either of 
said branches to the other line, an auxiliary cir-
cuit including said secondary coil, a switch ar-
ranged in one of said lines and having a normal 
bias to open position, means normally holding 
said switch in closed position, and means oper-
able upon the generation of a current in said aux-
iliary circuit incident to the unbalancing of said 
primary coils for releasing said holding means. 
17. A system of the character described com- 40 
prising a pair of electric transmission lines, one 
of said lines being divided to form a pair of 
branches, a transformer including a pair of bal-
anced primary coils in the respective branches 
and a secondary coil, means for unbalancing said 45 
primary coils upon the connecting- of either of 
said branches to the other lines,, an auxiliary cir-
cuit including said secondary coil, a switch ar-
ranged in one of said lines and having a normal 
bias to open position, a thermostatic element con- 50 
stituting a latch holding said switch in closed 
position, a heating coil surrounding said thermo-
static element, and means operable upon the 
generation of a current in said auxiliary circuit 
incident to the unbalancing of said primary coils 55 
for energizing said heating coil to cause said 
thermostatic element to release said switch. 
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